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(57) ABSTRACT 
A knot placement device allows a physician to apply a knot 
for securing two or more Suture ends extending from an 
incision in a vessel or organ of a patient relative to each other 
in order to seal an opening in the vessel or organ. The knot 
placement device has a handle, an elongate shaft, and a push 
rod slidably inserted in the shaft. A knot is disposed in the 
distal end of the shaft. An actuator on the handle may be 
depressed to distally advance the push rod relative to the 
shaft, thereby distally advancing the knot. The knot may 
include a knot body having an inner cavity and a plug sized to 
fit securely within the inner cavity. In use, the plug may be 
inserted into the inner cavity of the knot body to fixedly hold 
two or more suture ends between the knot body and the plug. 
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1. 

METHOD AND APPARATUS FORAPPLYING 
A KNOT TO ASUTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of U.S. application Ser. No. 
1 1/455,894, filed on Jun. 19, 2006, now U.S. Pat. No. 8,197, 
497, which claims the benefit of U.S. Provisional Application 
No. 60/693,582, filed on Jun. 20, 2005 and U.S. Provisional 
Application No. 60/709,485, filed on Aug. 19, 2005, the 
entirety of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Certain embodiments of the invention relate to suturing 

incisions and, more specifically, to the use of Sutures for 
closing incisions in vessels or in organs within a body. 

2. Description of the Related Art 
Surgeons frequently encounter the need to close incisions, 

wounds, or otherwise joining tissue portions with a Suture. 
After passing the Suture through the tissue portions, the Sur 
geon must tie and cinch the Suture to draw the tissue portions 
together and prevent them from separating. When Sutures are 
tied in a region having restricted access, such as the end of a 
tissue tract leading to an artery, the Surgeon is presented with 
special challenges. Sutures can often be difficult to handle, 
thereby increasing the time that it takes for a Surgeon to tie a 
Suture. Accordingly, what is needed is a faster and more 
effective way to tie and cinch a suture. 

SUMMARY OF THE INVENTION 

Certain embodiments of the present invention describe 
various methods and apparatus for applying a knot to a Suture. 
When two ends of a suture extend away from an incision in a 
vessel or an organ of a patient, the preferred embodiments 
provide a method and apparatus for desirably securing two 
suture portions relative to each other, with the securement 
being provided adjacent the incision to hold the incision 
closed. As used herein, the term "knot' is a broad term 
encompassing its ordinary meaning and includes, but is not 
limited to, any arrangement, component or combination of 
components designed to fixedly hold a Suture relative to a 
desired knot location. More preferably, a knot may encom 
pass any arrangement, component or combination of compo 
nents designed to fixedly hold two portions of a suture relative 
to a desired knot location. Thus, a knot encompasses arrange 
ments in which Suture portions are tied, and also encompasses 
arrangements in which Suture portions are securely held rela 
tive to one another without being tied. The desired knot loca 
tion may include an incision, a wound, a body cavity, an 
opening in body tissue, and two adjacent body tissues 
wherein the space between the two adjacent body tissues is 
desired to be closed. The two suture portions may be portions 
of the same suture or different sutures. 

In one embodiment, a knot placement device is provided. 
The knot placement device preferably includes a handle and 
a shaft. The handle comprises a proximal end and a distal end. 
The shaft comprises a proximal end and a distal end which 
extends distally from the handle. A knot is disposed, either 
partially or entirely, within the distal end of the shaft. The 
handle further comprises an actuator which places the knot 
about two suture portions to fix the two suture portions rela 
tive to one another. 
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2 
In one embodiment, the actuator may be a thumb or finger 

button designed for cooperation with a cam. The cam may be 
fixedly attached to a push rod. The push rod is concentrically 
and slidably disposed within an outer tube. The outer tube 
may be fixedly attached to a distal end portion of the handle. 
The knot placement device may further comprise an interme 
diate tube concentrically and slidably disposed between the 
outer tube and the push rod. The intermediate tube comprises 
a proximal end and a distal end. The proximal end of the 
intermediate tube may be located between the cam and the 
distal end portion of the handle. Partial depression of the 
actuator distally advances the push rod. At some degree of 
depression, the actuator contacts the proximal end of the 
intermediate tube, thus distally advancing the intermediate 
tube. 

In one embodiment, the intermediate tube may comprise a 
key. The outer tube, the end portion, or both may include a 
keyway designed for cooperation with the key. The key and 
associated keyway maintain rotational alignment of the inter 
mediate tube relative to the outer tube. In another embodi 
ment, the intermediate tube may comprise a keyway, and the 
outer tube or the end portion may comprise a key. 

In one embodiment, the shaft comprises an outer tube 
having a proximal end and a distal end. The outer tube may 
comprise an aperture located near its distal end. The shaft may 
further comprise an intermediate tube concentrically and slid 
ably disposed within the outer tube. The intermediate tube 
may comprise a slot located at or near its distal end. A push 
rod may be concentrically and slidably disposed within the 
intermediate tube and outer tube. A knot is disposed, either 
partially or entirely, within the distal end of the outer tube. 

In one embodiment, the knot comprises a plug and a knot 
body, wherein the plug is adapted to be received within the 
knot body. The plug comprises a proximal end and a distal 
end, and may be of a generally constant outer diameter. Alter 
natively, the plug may be generally tapered from the proximal 
end to the distal end. Alternatively, the plug may comprise a 
portion of generally constant outer diameter and a generally 
tapered portion. The plug may also comprise a rounded or 
chamfered edge at the distal end. The plug may also comprise 
a shoulder located near the proximal end having an increased 
outer diameter. 
The knot body may be generally tubular and comprise a 

proximal end, a distal end, and a longitudinal axis. The knot 
body may be of a generally constant inner diameter and outer 
diameter. Alternatively, the inner diameter, the outer diam 
eter, or both may generally taper along the longitudinal axis of 
the knot body. Alternatively, the inner diameter, the outer 
diameter, or both may generally taper along a portion of the 
longitudinal axis and may be of a generally constant inner 
diameter, outer diameter or both over a portion of the longi 
tudinal axis. 
The knot body may comprise an opening at its distal end. 

The opening at the distal end of the knot body may, in some 
embodiments, be of a reduced diameter. The knot body may 
also comprise an opening at the proximal end. The opening at 
the proximal end may, in Some embodiments, be of a reduced 
diameter. The knot body may further comprise protrusions 
from the inner surface of the knot body toward the longitudi 
nal axis. 

In one embodiment, the knot body may be located distally 
from the plug within the outer tube. In another embodiment, 
the plug may belocated distally from the knot body within the 
outer tube. 

In one embodiment, a method is provided for placing a 
knot on a Suture to close an opening in the body. A pair of 
Suture ends is passed through a threader. The threader is 
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pulled through a passage in the distal end of a shaft of a knot 
placement device. As the threader is pulled through the pas 
sage, the Suture portions are drawn through the passage, and 
desirably positioned within a knot body positioned at a distal 
end of the shaft. Tension may be applied to the suture portions 
as the knot placement device is slid along the Suture portions 
toward a pair of tissue portions. The knot placement device is 
advanced until the knot body or distal end of the device is in 
contact with a tissue portion. An actuator is depressed, which 
in one embodiment advances a push rod within the shaft 
against a plug and advances the plug into the knot body. This 
traps the Suture between the plug and the knot body. In one 
preferred embodiment, continued depression of the actuator 
causes an intermediate tube to be advanced to sever the Suture 
portions, eject the knot from the placement device, or both. 
The device is then retracted from the patient. 

In one embodiment, after the knot is ejected and before the 
Suture ends are severed, the push rod is positioned Substan 
tially flush with a distal end of the shaft. The distal end of the 
shaft is used to push the knot toward the tissue portions to 
further secure the knot and draw the tissue portions closer 
together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a wound site having a pair of 
Suture ends extending therefrom. 

FIG. 2 is a side view of one embodiment of a knot place 
ment device. 

FIG. 3 is a side view of the shaft, cam, and distal end 
portion of the knot placement device of FIG. 2 with a knot 
shown within the shaft in phantom. 

FIG. 4 is a partial cross-sectional side view of the handle of 
the knot placement device of FIG. 2. 

FIG.5 is a partial cross-sectional side view of the distalend 
of the shaft of the knot placement device of FIG. 2. 

FIG. 6 is a perspective view of the distal end of the outer 
tube of the knot placement device of FIG. 2. 

FIG. 7 is a perspective view of the distal end of the inter 
mediate tube of the knot placement device of FIG. 2. 

FIG. 8 is a side view of the outer tube of FIG. 6. 
FIG. 9a is a top view of the intermediate tube of FIG. 7. 
FIG.9b is a side view of the intermediate tube of FIG. 7. 
FIG. 10 is a perspective view of one embodiment of a knot. 
FIG. 11 is a cross-sectional side view of another embodi 

ment of a knot. 
FIG. 12 is a cross-sectional side view of another embodi 

ment of a knot. 
FIG. 13 is a perspective view of another embodiment of a 

knot. 
FIG. 14 is a transverse cross-sectional view of the knot of 

FIG. 13. 
FIG. 15 is a cross-sectional side view of another embodi 

ment of a knot. 
FIG. 16a is a cross-sectional side view of another embodi 

ment of a knot and illustrating a routing of a Suture through 
the knot body. 

FIG. 16b is a cross-sectional side view of the embodiment 
of the knot of FIG. 16a and illustrating an alternative routing 
of a suture through the knot body. 

FIG. 17a is a perspective view of another embodiment of a 
knot. 

FIG. 17b is a cross-sectional side view of the embodiment 
of a knot shown in FIG. 17. 

FIG.18a is a cross-sectional side view of another embodi 
ment of a knot. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
FIG. 18b is a cross-sectional side view of the knot of FIG. 

8a 
FIG. 18C is a cross-sectional side view of the knot of FIGS. 

18q-18b. 

FIG. 19 is a partial cross-sectional view of a knot place 
ment device, with Suture ends passing through a threader. 

FIG. 20 illustrates the device of FIG. 19 having two suture 
portions passing therethrough, with the distal end of the 
device in contact with a tissue portion. 

FIG. 21 illustrates the device of FIGS. 19-20 with the push 
rod being advanced until the plug is inserted into the knot 
body, trapping the Suture portions between the plug and knot 
body. 

FIG.22 illustrates the device of FIGS. 19-21, the push rod 
being further advanced, the intermediate tube also being 
advanced to eject the knot from the device and sever the suture 
portions. 

FIG. 23 illustrates the knot of FIGS. 19-22, in its final 
placement. 

FIGS. 24 and 25 illustrate another embodiment of a knot 
having an atraumatic tip. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present invention 
described below relate particularly to applying a knot to two 
portions of a suture. More particularly, the preferred embodi 
ments relate to applying a knot to portions of a Suture extend 
ing from a treatment location of a patient. The treatment 
location may be any desired location, Such as an arterial 
vessel, a venous vessel, or any other body tissue. Suture ends 
may be the ends of the same suture or may be the ends of 
separate Sutures. 

FIG. 1 illustrates the wound site of a patient wherein it may 
be desired to apply a knot to a suture. More particularly, FIG. 
1 shows an incision 30 in the patient’s skin used to perform 
any sort of treatment on the patient. After the patient has been 
treated, a Suture 34 is introduced into the patient through a 
catheter sheath introducer (CSI) 44 for the purpose of draw 
ing together tissue portions 36 and 38 (shown in phantom in 
FIG. 1). Two end portions 40 and 42 of the suture 34 extend 
from the tissue portions 36, 38, respectively, which may, for 
example, be the result of a wound or an internal incision in a 
blood vessel or an organ. The suture 34 may be introduced 
into the patient by any suitable manner, including those 
described in U.S. Pat. No. 5,860,990, U.S. Pat. No. 6,117,144, 
U.S. Pat. No. 6,562,052, and Applicant’s application Ser. No. 
1 1/235,751 filed Sep. 27, 2005, now U.S. Publication No. 
2006-0069397, all of which are hereby incorporated by ref 
erence in their entirety. Suture 34 may be, but is not limited to, 
0.007" diameter biodegradable material or non-biodegrad 
able materials. Such as polypropylene. The Suture 34 may also 
be braided or may be of other materials and have other con 
figurations. The suture 34 in FIG. 1 is shown extending from 
a cathetersheath introducer 44. The suture 34 may also extend 
directly from an incision in a patient. 

FIGS. 2-4 illustrate one embodiment of a knot placement 
device 100 that may be used to apply a knot to the suture 34. 
The knot placement device 100 comprises a handle 102 and a 
shall 104 extending distally from the handle. The handle 102 
preferably comprises an elongate tubular body extending 
from a proximal end to a distal end, and comprises an actuator 
106 and a distal end portion 110. The handle 102 may further 
comprise a cam 108 and a spring 112, shown in its rest 
position, disposed between the cam 108 and end portion 110. 
The actuator 106 may be a thumb or finger button in contact 
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with the cam 108. End portion 110 may be fixedly attached to 
an outer tube 114 by glue, press fit, injection molding, or other 
suitable means know to one of ordinary skill in the art. An 
intermediate tube 116 may be concentrically and slidably 
disposed within the outer tube 114. A push rod 118 is con 
centrically and slidably disposed within the intermediate tube 
116 and fixedly attached to the cam 108. It should be appre 
ciated that it is contemplated that the knot placement device 
100 does not necessarily comprise an intermediate tube 116; 
however its inclusion provides certain benefits. 
As shown in FIG.4, depression of the actuator 106 causes 

the cam 108 to move distally, compressing the spring 112 (not 
shown), thereby moving the push rod 108. After traveling for 
a certain desired distance, the cam 108 engages a proximal 
end of the intermediate tube 116, causing the intermediate 
tube 116 to also move distally. Upon release of the actuator 
106, the spring 112 expands to move the cam 108 and the push 
rod 118 proximally. In the illustrated embodiment, the inter 
mediate tube 116 is freely slidable over the push rod 118. 

In one embodiment, not shown, the cam 108 comprises a 
detent in the surface which contacts the actuator 106. The 
detent may signal to the user a specific degree of advancement 
of the push rod 118, the intermediate tube 116, or both. For 
example, the detent may signal that the push rod has been 
advanced sufficiently far to insert the plug into the knot body, 
as described below. The detent may also indicate travel up 
until, but not including, the point at which the cam 108 
engages the intermediate tube 116. The detent may be shaped 
So as to prevent the actuator 106 from returning to its original 
position. The cam may comprise multiple detents to indicate 
multiple increments of travel. To return the actuator to its 
initial position, the actuator and cam may include a mecha 
nism Such that after the actuator is fully depressed, the actua 
tor may automatically return to its initial position. Alterna 
tively, the actuator may have a locked configuration, either at 
one of the detents or in a fully depressed configuration, and 
the handle may include a mechanism by which a second 
actuator is used to release the cam and actuator to return to 
their initial positions. Further details of such mechanisms are 
found in application Ser. No. 1 1/235,751 filed Sep. 27, 2005, 
the entirety of which is hereby incorporated by reference. 

In one embodiment, not shown, the intermediate tube 116 
may comprise a keyway and the outer tube 114, the end 
portion 110, or both may comprise a key. Alternatively, the 
intermediate tube 116 may comprise a key and the outer tube 
114, the end portion 110, or both may comprise a keyway. 
Providing such a key and keyway may be used to keep the 
intermediate tube 116 aligned with the outer tube. Other 
embodiments are contemplated to maintain rotational align 
ment of the intermediate tube, such as rotationally fixing the 
intermediate tube relative to the push rod. Providing such a 
key and keyway may also be used to constrain the range of 
sliding movement of the intermediate tube 116. 
As shown in FIG. 5, a knot, comprising a knot body 124 

and a plug 126, is disposed within the outer tube 114 at its 
distal end. The knot body 124 may be retained in the outer 
tube 114 by a net fit or press fit. Alternatively, the fit between 
the knot body 124 and the outer tube 114 may not retain the 
knot body 124 in the outer tube 114. The knot body 124 is 
preferably at the distal end of the outer tube 114, and may 
protrude slightly distal to the distal end of outer tube 114. The 
plug 126 is positioned proximal to the knot body 124, and 
may be slidably disposed within the intermediate tube 116, 
having a distal end located proximally from the knot body and 
distally from the push rod 118. The plug 126 has an outer 
dimension configured to be inserted into an inner cavity of the 
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6 
knot body 124. The intermediate tube 116 is preferably sized 
and positioned Such that its distal end may abut knot body 
124. 
As shown in FIGS. 5, 6 and 8, the outer tube 114 may 

include a side hole 120 near its distal end. As shown in FIGS. 
5, 7, 9a and 9b, the intermediate tube 116 may include a slot 
122 extending proximally from its distal end, forming a 
C-shaped cross section. At a proximal end of the slot 122, a 
sharpened cutting Surface 123 may be provided to cut Suture 
34, as described below. The slot 122 is preferably rotationally 
aligned with the opening 120. Such as by using a key/keyway 
arrangement as described above. The slot 122 is also prefer 
ably axially aligned with the opening 120, although it will be 
appreciated that because of the ability of the intermediate 
tube 116 to slide relative to push rod 118, the intermediate 
tube may be positioned with the slot 122 proximal to the 
opening 120 and its distal end proximal to the plug 126. The 
slot 122 may also be spaced from the distal end of the inter 
mediate tube, such that the distal end of the tube still forms a 
complete circle in cross-section. The outer tube 114, interme 
diate tube 116 and push rod 118 may be made of any suitable 
material, including but not limited to metals, plastics, and a 
combination of metals and plastics. 
As shown in FIG. 5, in a preloaded configuration, the knot 

placement device 100 may include a threader 128 comprising 
a tab 132 and a looped wire 130 passing through the side hole 
120 in the outer tube 114. The wire 130 preferably extends 
through the slot 122 located in the intermediate tube 116, and 
through knot body 124, exiting through opening 136 at the 
distal end of the knot body 124. The threader 128 is used to 
load the suture into the knot placement device as described 
below. The threader 128also prevents the knot body 124 from 
escaping from the placement device 100 when the knot body 
is provided with an outer dimension of the same or smaller 
size than the inner wall of the outer tube 114. 
With reference to FIGS. 5 and 10, the knot body 124 may 

be generally tubular and comprise a proximal end, a distal 
end, and a longitudinal axis. The knot body 124 preferably 
further defines an inner cavity and comprises an opening 136 
at its distal end. The knot body may be of a generally constant 
inner diameter and outer diameter. Alternatively, the inner 
diameter, the outer diameter, or both may generally taper 
along the longitudinal axis of the knot body. Alternatively, the 
inner diameter, the outer diameter, or both may generally 
taper along a portion of the longitudinal axis and may be of a 
generally constant inner diameter, outer diameter or both over 
a portion of the longitudinal axis. 
The opening 136 at the distal end of the knot body may, in 

some embodiments, be of a reduced diameter relative to an 
inner cavity of the knot body 124. The knot body also com 
prises an opening 138 at the proximal end. The opening 138 
at the proximal end may, in some embodiments, be of a 
reduced diameter relative to an inner cavity of the knot body 
124. The knot body may further comprise protrusions 134 
extending from the inner surface of the knot body 124 toward 
the longitudinal axis. Protrusions 134 may beformed as rings 
as illustrated, or as spirals, spikes, bumps, or other Suitable 
structures or combinations of structures. 

Referring to FIGS. 5 and 10, in one embodiment, the knot 
body 124 may be located distally from the plug 126 within the 
outer tube 114. The plug is preferably sized to be inserted into 
the inner cavity of the knot body 124, and may have a tapered 
configuration as shown in FIG.10. Alternatively, the plug 126 
may have a constant cross-section over a majority of its 
length, such as shown in FIG. 5, with a tapered, chamfered or 
rounded distal end for facilitating insertion into the knot body 
124. The outer dimension of the plug 126 may be slightly 
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larger than the inner dimension of the cavity of the knot body 
124. Such that when the plug is inserted into the cavity, a 
relatively secure fit is provided between the two. The protru 
sions 134 within the knot body further facilitate the relative 
securement. The plug 126 may also comprise indentations, 
not shown, for receiving the protrusions 134 to secure the 
plug 126 more surely in the knot body 124. Other embodi 
ments are contemplated wherein protrusions are formed on 
the plug 126 with or without indentations formed in the inner 
cavity of the knot body 124. It is also contemplated that in 
some embodiments both the plug 126 and the knot body 124 
may comprise protrusions and indentations, respectively. In 
certain embodiments, insertion of the plug 126 into the knot 
body 124 may cause the knot body 124 to slightly expand. 
Both the knot and the knot body may be formed of any 
Suitable resilient materials, and in one embodiment, are made 
from the same material as the Suture, more preferably 
polypropylene. 

FIGS. 19-23 illustrate one embodiment for placing a knot 
utilizing the knot placement device 100 described above. 
With reference to FIG. 19, a pair of sutures ends 40 and 42 
may be passed through the loop 130 of threader 128. The 
threader is preloaded into the knot placement device 100 as 
described above. The tab 132 of threader 128 may be pulled 
proximally to dispose Suture 34 in the device, as shown in 
FIG. 20. Suture 34 may be held in tension, by hand or other 
wise, while the device 100 is advanced until the knot body 
124 or shaft 104 contacts at least one of tissue portions 36 and 
38, as illustrated in FIG. 20. The actuator 106 may be 
depressed to advance the push rod 118, thereby forcing the 
plug 126 distally into the knot body 124 and trapping suture 
34 there between the plug 126 and the knot body 124, as 
shown in FIG. 21. The actuator may be further depressed until 
the cam 108 contacts the proximal end of intermediate tube 
116, causing the intermediate tube 116 to contact knot body 
124 and eject the knot from the shaft 104. As shown in FIG. 
22, advancement of intermediate tube 116 may also cause 
cutting surface 123 to sever suture 34 where it extends out of 
opening 120. The knot placement device may then be 
removed, leaving the knot in place against the tissue portions, 
as shown in FIG. 23. 

In one embodiment, the knot may be ejected from the shaft 
104 while leaving the sutures 34 un-severed. For example, the 
knot may be ejected before the cutting surface 123 reaches the 
suture 34. In another embodiment, no intermediate tube is 
provided, and the Suture may be cut manually. 

In an embodiment including the intermediate tube, the 
device 100 may be configured such that the distal ends of the 
outer tube 114, intermediate tube 116, and the push rod 118 
lie generally flush relative to one another and are held rela 
tively in position. This position may be held, for example, by 
depressing the actuator until it rests in a detent in cam 108. 
The detent may signal to the user that the plug 126 has been 
inserted into knot body 124, but also that the sutures 34 have 
not been cut. At Such time, the placement device may be used 
to further advance the knot against tissue portions 36 and 38 
using the distal end surface of the shaft. The actuator may be 
further depressed to advance the push rod 118 and interme 
diate tube 116 to sever sutures 34. 
The actuator 106 and cam 108 may also be provided with 

locking mechanisms that prevent the actuator 106 from 
returning to its original position. Further details are provided 
in application Ser. No. 1 1/235,751 filed Sep. 27, 2005, the 
entirety of which is hereby incorporated by reference. Such 
an embodiment may be advantageous to hold the push rod 
flush with the distal end of the outer tube to provide a surface 
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8 
that can be utilized to further advance and position the knot 
against tissue portions 36 and 38. 

It will be appreciated that other embodiments are contem 
plated without use of the intermediate tube, but are still 
capable of severing the Suture. For example, the pushrod may 
be provided with portions of differing diameter. A distal, 
Smaller diameter may be sized to engage the plug 126 to push 
the plug into the knot body 124. A proximal, larger diameter 
may be provided on the push rod, which includes a sharpened 
Surface at the transition between the larger and Smaller diam 
etersections. Once the smaller portion of the pushrod pushes 
the plug 126 into the knot body 124, the larger portion of the 
push rod may engage the knot body 124 to push the knot out 
of the placement device, while the sharpened surface on the 
push rod may sever the Suture. 

In the embodiment described above, when the knot body 
124 and the plug 126 as described above are secured together, 
Suture portions extending through the inner cavity of the knot 
body from opening 136 to opening 138 will be fixedly secured 
therein, forming a knot. It will be appreciated that many other 
embodiments are possible for forming a knot, including vari 
ous other shapes and configurations for the knot body and 
plug, as well as embodiments wherein only one component 
may be used to provide securement relative to a suture. It will 
also be appreciated that in those embodiments in which the 
knot comprises a knot body and plug, the plug may be located 
within the shaft proximally from the knot body or the knot 
body may be located within the shaft proximally from the 
plug. 

For example, in another embodiment of a knot, shown in 
FIG. 11, a plug 146 is provided having a pair of holes 148 
extending divergently from one end of the plug (e.g., a proxi 
mal end) to the diametrically opposed, outer Surfaces of the 
plug. A shoulder 149 of increased outer diameter may be 
located at one end of plug 146 (e.g., the proximal end). When 
the plug 146 is inserted into a hollow knot body, the plug 146 
and knot body 144 cooperate to secure the suture 34 therebe 
tWeen. 

In another embodiment, shown in FIG. 12, a plug 156 may 
comprise two sections having different outer diameters. A 
knot body 154 has an opening 136 with an inner surface 160. 
A surface 162 of plug 156 may have a smaller diameter than 
an interior surface 164 of knot body 154. A surface 158 of 
plug 156 may have a diameter such that surface 158 engages 
surface 160 of knot body 154 and cooperate to hold suture 
portions securely therein. 

In another embodiment, shown in FIGS. 13 and 14, a plug 
176 comprises a longitudinally-extending slot 178 such that 
plug 176 is generally fork-shaped. The slot 178 extends from 
the distal end partially to the proximal end. Suture 34 extends 
through the knot body 174, through the slot 178, and out from 
the plug 176, preferably on opposite sides of the plug 176. 
Insertion of the plug 176 into knot body 174 preferably causes 
compression of the slot to securely fix the Suture portions 
within the slot. It will be appreciated that in this embodiment, 
the knot placement device can either be actuated to move the 
plug distally into the knot body, or alternatively, may be 
actuated to move the knot body distally over the plug. 

In another embodiment, shown in FIG. 15, a pair of side 
holes 188 are provided at spaced locations along the length of 
a plug 186. Suture portions pass from an end hole at one end 
of the plug 186, outwardly through one of the side holes, and 
then inwardly back into the body of the plug and out an 
opposite end hole. When the knot body 184 is slid over the 
plug, either by being advanced distally over the plug or by 
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having the plug advanced distally into the knot body, the 
suture 34 is secured relatively between the plug and the knot 
body. 

In another embodiment, shown in FIGS. 16a and 16b, a 
knot body 194 comprises two side holes 198. Suture 34 may 
be routed through knot body 194 either from within the body, 
out through one of the side holes, and back into the body 
through the other side hole, as shown in FIG. 16a, or may be 
routed into one of the side holes from outside the body, into 
the body, and then out the other side hole, as shown in FIG. 
16b. In either embodiment, a plug 196 may then be used to 
secure the suture relative to the knot body. 

In another embodiment, shown in FIGS. 17a and 17b, a 
knot 200 comprises a single component or knot body. A plate, 
ring or other structure, such as a flat resilient member, may be 
provided with two holes 202. As shown in FIG. 17b, the plate 
is bent to form a “U” shape, to allow the suture 34 to be passed 
therethrough. The plate may be made of an elastic or shape 
memory material which springs back to its flattened configu 
ration, shown in FIG. 17a, which locks the suture in place 
relative to the plate. Other embodiments are also contem 
plated in which suture portions are provided through a tortu 
ous path of a knot body. A threaderas described above may be 
used to guide the suture portions through the knot body while 
it is positioned within a knot placement device. Once ejected 
from the knot placement device, the knot body may assume a 
different configuration which locks the suture in place rela 
tive to the knot body. 

In another embodiment, shown in FIGS.18a, 18b, and 18C, 
a knot 204 comprises a tube having an upper wall 206 and a 
lower wall 208. The upper wall comprises three linearly 
spaced apertures 210. The lower wall comprises two aper 
tures 212 to create a displaceable section 214 in the lower wall 
208. The displaceable section 208 is displaced toward the 
center of the knot 204 by any suitable means, such as a curved 
rod 216 as illustrated in FIG. 18b. A suture 34 is threaded in 
and out of the apertures 210 in the upper wall and around the 
displaceable section 214 of the lower wall. As the knot 204 is 
ejected from the knot placement device, the displaceable 
section 214 is allowed to move toward its original position to 
more surely secure the suture 34 within the knot 204 as 
illustrated in FIG. 18c. 

In another embodiment, shown in FIGS. 24 and 25, a knot 
comprises a knot body 124 and a plug 126 such as described 
above, but with the knot body having an atraumatic tip 300. 
The tip300 may be rounded and have an outer diameter about 
the same as that of the outer tube 114. As shown more par 
ticularly in FIG. 25, the tip may have a flat transition 302 as 
well. The tip300 may beintegrally formed with the knot body 
124 or may be separately attached. As illustrated, the tip 300 
may have an aperture 304 extending axially through the tip. 
opening to the cavity inside the knot body. When the knot is 
delivered into a patient as described above, the atraumatic tip 
prevents damage to the patient. 
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Various other embodiments are contemplated for the knot. 

For example, a knot may simply comprise a tube with a 
sufficiently small inner diameter through which suture por 
tions may be positioned and held. In another embodiment not 
shown, the plug may comprise a shoulder located near its 
proximal end having an increased outer diameter. The shoul 
der may not be inserted into the knot body, but may be used to 
push the knot out of the placement device once the plug has 
been inserted into the knot body. 

It should be understood that certain variations and modifi 
cations of this invention will suggest themselves to one of 
ordinary skill in the art. The scope of the present invention is 
not to be limited by the illustrations or the foregoing descrip 
tions thereof. 

What is claimed is: 
1. A knot placement device comprising: 
a handle; 
an elongate shaft with proximal and distal ends and alumen 

extending therethrough, the proximal end of said shaft 
coupled to said handle, the elongate shaft further com 
prising a side hole near its distal end; 

an intermediate tube, having proximal and distal ends and 
alumen extending therethrough, slidably disposed in the 
lumen of said elongate shaft, the proximal end of said 
intermediate tube extending through the proximal end of 
said elongate shaft into said handle, the intermediate 
tube further comprising a cutting surface; 

a push rod having proximal and distal ends slidably dis 
posed in the lumen of said intermediate tube, the proxi 
malend of said pushrod extending through the proximal 
end of said intermediate tube into said handle; 

an actuator located on said handle, said actuator configured 
to distally advance said push rod and said intermediate 
tube relative to said elongate shaft; and 

a knot comprising a knot body and a plug positioned in the 
lumen of the elongate shaft at the distal end thereof; 

wherein at least one of the knot body and the plug is 
configured to receive at least one suture portion extend 
ing into the lumen of the elongate shaft at the distal end, 
the at least one suture portion exiting the shaft through 
the side hole; 

wherein distal advancement of the pushrod moves the plug 
relatively into the knot body to secure the at least one 
Suture portion, and further distal advancement of the 
push rod causes the cutting surface of the intermediate 
tube to sever the at least one suture portion and eject the 
knot from the lumen of the shaft. 

2. The knot placement device of claim 1, wherein the plug 
is positioned proximally of the knot body within the lumen of 
the shaft, such that distal advancement of the pushrod pushes 
the plug into the knot body. 
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